Study Design. A prospective study of 25 patients who underwent anterior cervical surgery. Objective. To assess retraction pressure and the exposure of pharyngeal/esophageal (P/E) wall to the medial retractor blade to clarify whether medial retraction causes direct pressure transmission to the P/E wall. Summary of Background Data. Retraction pressure on P/E walls has been used to explain the relation between the retraction pressure and dysphagia or the effi cacies of new retractor blades. However, it is doubtful whether the measured pressure represent real retraction pressure on the P/E wall because exposure of the P/E in the surgical fi eld could be reduced by the shielding effect of thyroid cartilage. Methods. Epi-and endoesophageal pressures were serially measured using online pressure transducers 15 minutes before retraction, immediately after retraction, and 30 minutes after retraction. To measure the extent of P/E wall exposure to pressure transducer, we used posterior border of thyroid cartilage as a landmark. Intraoperative radiograph was used to mark the position of the posterior border of thyroid cartilage. We checked out the marked location on retractors by measuring the distance from distal retractor tip. Results. The mean epiesophageal pressure signifi cantly increased after retraction (0 mmHg: 88.7 ± 19.6 mmHg: 81.9 ± 15.3 mmHg). The mean endoesophageal pressure minimally changed after retraction (9.0 ± 6.6 mmHg: 15.7 ± 13.8 mmHg: 17.0 ± 14.3 mmHg).
T he mechanism responsible for dysphagia after anterior cervical surgery remains unclear. 1 Intraoperative retraction of the pharyngeal/esophageal (P/E) wall is known as a possible cause of postoperative dysphagia. 2 One hypothesis is that direct pressure is transmitted to the P/E mucosal wall by a medial retractor blade and that this results in local ischemia. Thus, postoperative reperfusion and edema, and swelling of P/E wall have been reported to cause early postoperative dysphagia. 3 , 4 Several studies had been conducted to assess the relation between retraction pressure on P/E wall and postoperative dysphagia. [4] [5] [6] [7] In these studies, retraction pressure on the P/E wall was estimated by positioning the pressure transducer beneath medial retractor blades. However, it is doubtful whether this type of pressure measurement represents retraction pressure on the P/E wall because exposure of the P/E wall in the surgical fi eld may not be anatomically signifi cant due to the shielding effect of thyroid cartilage.
The purpose of our study was to assess the amount of retraction pressure transmitted to the pharynx/esophagus by measuring epi-and endoesophageal pressures during anterior cervical discectomy and fusion (ACDF).
In addition, we measured the extent of P/E wall exposure on pressure transducer beneath the medial retractor blade to determine whether medial retraction could lead to the direct transmission of pressure to the P/E wall.
MATERIALS AND METHODS
Between March 2012 and December 2012, 25 patients, admitted for single level ACDF at the C3-C4 to C6-C7 levels, were enrolled in this prospective study. Mean patient age was 55.7 years (age range, 35-72 yr), and 16 were males. Patients with preoperative dysphagia, hoarseness, and previous anterior cervical surgery were excluded. Our institutional human investigation ethics committee approved the study, and written informed consent was obtained from all patients. ACDF was performed using a stand-alone cage. A right-sided approach was performed at the C3-C4 to C5-C6 and a left-sided approach was performed at the C6-C7. A Caspar retractor blade (Aesculap, Tuttlingen, Germany) was placed under both longus colli muscles. All surgical procedures were performed by a single experienced spine surgeon. The relationship between the location of PBTC and exposure of P/E wall to pressure transducer is illustrated. If the distance h is low, the extent of P/E wall is minimal. PBTC primarily contacts the pressure sensor probe instead of P/E wall ( A ). Distance h is long enough to allow P/E wall can contact the pressure sensor ( B ). PBTC indicates posterior border of thyroid cartilage; P/E wall, pharyngeal/esophageal wall. Asterisk (*) indicates pressure transducer. 
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Measurement of Epi-and Endoesophageal Pressures
A planar pressure transducer (Spiegelberg, Hamburg, Germany) was attached distally on the medial retractor blade ( Figure 1 ). It was positioned to measure the pressure between the rear side of the medial retractor blade and the visceral wall (epiesophageal pressure). Its tip was located 2 mm from the distal tip of the retractor blade ( Figure 1B ). This product is routinely used for measuring intracranial epidural pressure. In addition, a modifi ed double lumen cylindrical transducer (diameter, 2.3 mm) (Spiegelberg) was inserted into the P/E to measure endoesophageal pressure at the same level of epiesophageal pressure transducer. Its position was adjusted to match each surgical level by C-arm image. This transducer is routinely used for intraventricular pressure monitoring. Epi-and endoesophageal pressures were serially measured 15 minutes before retraction, immediately after retraction, and at 30 minutes after retraction. The cuff pressure of the endotracheal tube was adjusted to 25 mmHg.
Locating PBTC and Measuring Distance From Distal Retractor Tip
To measure the extent of P/E wall exposure on pressure transducer beneath the medial retractor blade, we used posterior border of thyroid cartilage (PBTC) as a landmark. PBTC is a unique structure that demarcates lateral boundary of posterior pharyngeal wall. Being linear cartilaginous structure, it is feasible to locate by palpation. Because it is boundary of posterior pharyngeal wall, the extent of P/E wall exposure to pressure transducer could be estimated by locating PBTC ( Figure 2 ) . During the surgery, PBTC was palpated using an angled probe ( Figure 3 ) . Leaving the probe tip on the posterior border, an intraoperative lateral radiograph was obtained ( Figure 3 ) . On the image, location of PBTC was measured as the distance between angled probe and distal tip of the retractor blade ( Figure 1B ) . The measurement was made on a Picture Archiving and Communication System (Marosis, Seoul, Korea) after surgery.
RESULTS
Mean endoesophageal pressure prior to retraction was 9.0 ± 6.6 mmHg. Immediate epi-and endoesophageal pressures after closing were 88.7 ± 19.6 and 15.7 ± 13.8 mmHg, respectively, and at 30 minutes after closing, were 81.9 ± 15.3 and 17.0 ± 14.3 mmHg, respectively ( Figure 4 ) . Therefore, endoesophageal pressure did not signifi cantly increase as compared with epiesophageal pressure after retraction ( Table 1 ) .
Mean location of PBTC on the retractor blade was 7.3 ± 3.5 mm (max: 16.8 mm, ∼ min: 2.7 mm) from the tip of the blade. Regarding surgical levels, mean distances were 9.4 mm at C3-C4, 7.3 mm at C4-C5, 6.5 mm at C5-C6, and 7.6 mm at C6-C7 ( Table 2 ) . The locations were all on the surface of pressure sensors ( Figure 5 ). The locations of PBTC were low to allow P/E wall to contact sensor probe and retraction blade. 
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DISCUSSION
Generally, it is thought that medial retraction blades transmit direct pressure to the P/E wall during anterior cervical surgery, and thus, measurements of pressures applied on the P/E by retraction blades have been used to prove the relation between retraction pressure and postoperative dysphagia or to estimate the effectiveness of new retraction systems. Classically, when measuring medial retraction pressure, a pressure transducer is positioned between the medial retraction blade and the visceral wall. In 2006, Heese et al 4 fi rst measured the pressure applied to the P/E by a retraction blade and the pressure inside the P/E during anterior cervical surgery. It was found that the epiesophageal pressure increased up to 92.7 mmHg after retractor opening, and thus, it was suggested that direct pressure-induced trauma of the P/E could lead to early postoperative dysphagia. However, relatively low values in endoesophageal pressure do not explain the relationship between direct pressure transmission by retraction system and postoperative dysphagia. Papavero et al 5 evaluated the correlation between esophageal retraction and early dysphagia using the same method of pressure measurement. Both epi-and endoesophageal pressures showed similar patterns after retraction, but the correlation between the amount of intraoperative esophagus retraction and postoperative dysphagia could not be confi rmed.
Similar to a previous study, mean epiesophageal pressure increased by up to 88.7 mmHg after retraction, whereas mean endoesophageal pressure showed around 15.7 mmHg in this study. Previous authors did not give any explanation on this discrepancy.
This difference raises several questions on the pathogenesis of dysphagia. Can the relation between esophageal retraction and dysphagia be explained only by increased epiesophageal pressure? Does epiesophageal pressure represent the pressure between the blade and esophageal wall? Does a medial retraction blade really transmit direct pressure on the P/E wall during anterior cervical surgery? In this study, P/E exposure to the medial retraction in the surgical fi eld blade was minimal. The locations of PBTC were average 7.3 mm on retraction blade, which is too close to distal tip of the blade. Retractor tip is typically positioned under longus colli muscle. If the space occupied by longus colli muscle is considered, the extent of P/E wall expose is minimal.
Another factor that limits P/E exposure is the shape of retractor blade. Because retractor tip is curved medially toward visceral component, it also prevents P/E wall to contact to pressure sensor. The tip sticks out by 5 to 7 mm ( Figure 1B ) . P/E wall may not contact the sensor because retractor tip acts as a tenting pole. When we consider the PBTC is lateral boundary of P/E wall, it would be appropriate to think that most of retraction pressure comes from structures anterior to PBTC, which are strap muscles, thyroid gland and PBTC itself. Anatomically, thyroid cartilage hides and protects the P/E and resultantly, attenuates P/E exposure during retraction. Previously, we concluded that P/E wall exposure in the surgical fi eld may be limited due to minimal rotation of thyroid cartilage during retraction. 8 The presence of intervening thyroid cartilage explains why retraction does not affect endoesophageal pressure. During ACDF, a medial blade does not retract the P/E alone, but rather retracts the larynx, strap muscles, P/E, and even the endotracheal tube. Thus, "epivisceral pressure" or "fi eld pressure" would seem more reasonable terms than "epiesophageal pressure." Accordingly, we 
➢ Key Points
Endoesophageal pressure changed minimally as compared with epiesophageal pressure after retraction. P/E wall exposure in the surgical fi eld to medial retraction blades is minimal during anterior cervical surgery. We suggest that a medial retraction blade does not transmit direct pressure on P/E wall due to minimal wall exposure and intervening thyroid cartilage. Our result should be considered when measuring retraction pressure during anterior cervical surgery or designing novel retractor systems.
suggest that a medial retraction blade does not transmit direct pressure to P/E wall during anterior cervical surgery. Nonetheless, there remains a possibility that extreme intraoperative retraction could indirectly affect esophageal injury and resultant postoperative dysphagia. Cavusoglu et al 9 have described histopathological changes of esophagus, such as edema, and infl ammation of the muscle layers at 3 days in a sheep model.
